Abstract Options for unwanted intraoral hair removal associated with flap reconstruction may include trimming, electrolysis, mechanical epilation, and laser and light epilation. These methods provide temporary relief and often require repeated treatment, with laser and light epilation providing the most durable response. Therapeutic external beam radiation used in the treatment of cancer is known to cause temporary alopecia at low doses and permanent alopecia at higher doses. We report a case of a man who underwent oncologic resection for early stage retromolar trigone cancer. His surgical defect required reconstruction with a submental flap. Post-operatively, his flap grew a thick beard within his oral cavity that was extremely bothersome. Due to the location of the flap, trimming, electrolysis, laser, and light epilation were not recommended treatment options. He was referred to us for consideration of external beam radiation with the goal of permanent alopecia of his intraoral graft.
A 71-year-old smoker presented with a pedicled mass on the left hard palate extending behind the maxillary gingiva, down the retromolar trigone to the posterior mandibular buccal sulcus, and onto the buccal surface. Biopsy confirmed a spindled squamous cell carcinoma. CT scan showed a 2.5×2.0 cm mass of the left posterior roof of the oral cavity. PET/CT scan confirmed uptake in the hard palate and left retromolar trigone with two hypermetabolic lymph nodes in level II. His past medical history included lung cancer treated with resection and adjuvant radiation 7 years prior, chronic obstructive pulmonary disease with oxygen dependence at night, and recurrent pneumonias. He had a 100+ pack-year smoking history and quit at the time of his diagnosis.
Oncologic resection was performed, with pathology revealing two separate primaries. The first lesion was a 3.8-cm spindle cell squamous carcinoma of the hard palate with a depth of invasion of 2 mm, no bone involvement, no perineural invasion, and negative margins. The diameter of the pedicle of the mass was smaller than maximum diameter. The second lesion was a 1.5 cm moderately differentiated squamous cell carcinoma of the retromolar trigone with a depth of invasion of 2 mm, no bone invasion, and negative margins. Due to the proximity of the presenting lesions, they were resected in a single en bloc specimen. The ipsilateral neck was dissected and pathologically negative (0/14 lymph nodes). The resulting intraoral defect required reconstruction with a submental flap rotated into the retromolar/palatal wound.
The patient's case was presented at multidisciplinary tumor board. Given the favorable pathologic features of each lesion taken individually, as well as negative margin and negative dissected neck, the oncologic benefit of adjuvant radiation was felt to be minimal. Due to his smoking and lung cancer history, he would be at high risk for additional primary malignancies where radiation might be necessary in the future. This discussion was brought to the patient and both adjuvant radiation and careful observation were discussed as options to consider. He chose careful observation. He remained without evidence of disease on active surveillance, however, he struggled with profuse hair growth on his oral cavity submental tissue graft. This resulted in a constant foreign body sensation and occasional dysphagia. Dermatology could not perform effective electrolysis or laser hair removal due to the location of the graft. Therefore, palliative radiation was considered as a potential solution.
At the time of radiation oncology consultation 5 months after his oncologic resection, his examination revealed thick intraoral hair growth on the graft along the left buccal mucosa and soft palate (Fig. 1 ). There was no clinical evidence of recurrent cancer. After discussion of the acute and latent risks of using radiation for this benign condition, including secondary malignancy and possible limitation of radiation as a treatment modality for future head and neck malignancy, the patient wished to proceed.
Simulation was in the supine position with a head and shoulder Aquaplast mask used for immobilization. Contrastenhanced CT and contrast-enhanced MRI were performed in the immobilization mask. These, together with his physical examination, informed the contouring of the intraoral graft and the design of the clinical target volume (CTV). A 3-mm three-dimensional expansion of the CTV was used for the planning target volume (PTV). The contralateral oral cavity was contoured as an avoidance structure. An intensitymodulated radiation therapy (IMRT) plan was created to deliver 50 Gy in 25 fractions to the PTV (Fig. 2) . Mean dose to the left and right parotid was 15.5 and 14 Gy, respectively. Spinal cord maximum point dose was 19.7 Gy. Daily conebeam CT was performed to optimize patient positioning.
By treatment visit at 18 Gy, the patient noticed decreased hair on his graft. At 26 Gy, virtually all the hair was gone. At completion of 50 Gy, he had mild mucositis but maintained his weight on a full oral diet. His taste was slightly altered and he had minimal dry mouth. He had mild skin erythema.
At follow-up 1 month after completion of radiation, there was almost complete alopecia of the graft. The patient felt as though his taste had almost returned to normal and he denied any significant dryness. The radiation mucositis and dermatitis had resolved.
Ten months after his oncologic resection, he had a PET/CT scan for oncologic surveillance and this was negative for disease. At 8 months after completion of radiation (14.5 months after resection), he continued to have mild xerostomia managed with extra fluids. His taste and swallowing were normal and there was no trismus. On examination, there was no evidence of hair on the graft and no clinical evidence for cancer recurrence (Fig. 3) .
Discussion
Intraoral hair growth is a known consequence of complicated tissue reconstruction procedures after oncologic resection in the oral cavity and oropharynx [1] . If an oncologic resection is extensive enough that it requires free-flap or rotational flap reconstruction, it often heralds locally advanced cancer that requires adjuvant therapeutic radiation to prevent cancer recurrence. The adjuvant radiation (generally 54-66 Gy fractionated over 5.5-7 weeks) subsequently causes permanent and complete alopecia of the graft tissue. Badran et al. histologically compared radiated versus non-irradiated oral cavity radial forearm free flaps, revealing complete loss of hair follicles in the graft tissue of all irradiated patients [2] .
In those patients who do not require adjuvant radiation, persistent hair growth can cause significant patient distress due to unsightly appearance, halitosis from food trapping, gagging, globus sensation, tickling, and pooling of saliva. Options for intaoral hair removal may include trimming, electrolysis, mechanical epilation, and laser and light epilation [1, 3, 4] .
In a review of published controlled trials, Haedersdal et al. compared epilation with laser and light sources versus conventional treatments (shaving, wax epilation, and electrolysis) [3] . They concluded that laser and light sources are more efficacious than conventional treatments, with the best available evidence found for alexandrite laser treatment (three randomized controlled trials and eight prospective clinical trials). The best long-term hair reduction was achieved with alexandrite and diode lasers after four repetitive treatments to the axilla, with 84-85 % hair reduction 12 months after treatment completion.
There are two recent reports in the literature that specifically describe the application of laser epilation in the oral cavity and oropharynx for unwanted palatal hair. Hall et al. described experience with a combination of Nd:YAG laser together with mechanical epilation and electrolysis for two patients with unwanted palatal hair in the oropharynx [1] . Partial hair removal was achieved; yet reaching the deep oropharyngeal areas of the graft remained challenging. In the second case report, Conroy et al. describes a case of successful depilation with the long-pulsed alexandrite laser [4] . Three courses of treatment at 6-week intervals resulted in permanent alopecia as measured at 6 months after completion of therapy. Disadvantages of the technique included the bulky hand piece of the instrument making application in the oropharynx difficult and a reported paradoxical stimulation of hair growth in 10 % of patients [5] .
Laser epilation would have been the recommended treatment option for this patient. Dermatology assessed him for the procedure and determined they would not be able to reach the most posterior aspect of the graft, which was the source of his globus sensation and dysphagia. We are not advocating IMRT as a routine alternative to epilation, but an option in rare cases where epilation is not feasible and the potential benefits as discussed and considered by the patient outweigh the risks. This patient's case was considered carefully, being mindful of his age, smoking status, medical comorbidities, the acute and late side effects caused by an external beam radiation course, including the risks of xerostomia, dysgeusia, dysphagia, second malignancy, and limitation of future use of radiation for oncologic purposes. Contrast-enhanced CT and MRI images were used for radiation simulation to contour the graft and normal tissues with the greatest possible accuracy. The patient was immobilized with a head and shoulder Aquaplast mask and a daily conebeam CT assisted in optimizing positioning to allow tighter margins. These techniques together with an IMRT delivery resulted in the lowest possible exposure of normal tissues.
The decision to deliver 50 Gy in 25 fractions was influenced by the work published by Lawenda et al. [6] . In their Fig. 2 An IMRT plan was created to deliver 50 Gy in 25 fractions. The planning target volume (PTV) is displayed in red. The 50 Gy (yellow), 40 Gy (green), and 30 Gy (blue) isodose lines are displayed. Bilateral parotids (left purple, right pink) and spinal cord (orange) are spared from significant radiation exposure Fig. 3 Follow-up at 8 months shows the patient has permanent, complete alopecia of the graft study, three reviewers independently graded the degree of permanent alopecia of 61 scalp regions in 26 patients who had undergone cranial irradiation greater than 12 months previously. Based on the dose-response curve in their paper, 60 Gy at 2 Gy/fraction would result in an 80 % chance of permanent alopecia. In order to decrease the severity of acute and late side effects in our patient in light of his benign condition, we settled upon 50 Gy at 2 Gy/fraction.
Alternatively, a more comprehensive adjuvant radiation course could have been delivered, with 54-60 Gy given to the mucosal graft site plus margin as well as the ipsilateral neck. This would have resulted in increased dose to the ipsilateral parotid as well as a larger volume of higher dose the pharyngeal mucosa and tongue. Given that the patient was clinically disease-free 5 months out from resection for small primaries with low-risk pathologic features, the oncologic benefit would have likely been minimal.
Additionally, in light of his smoking history, we may have increased his risk for second malignancy with a more comprehensive radiation plan that included radiation exposure to the neck. Finally, the rationale for radiation in his case was palliation of sequelae (caused by hair growth) from his flap reconstruction, not oncologic management.
Conclusion
In a very select case, we were able to successfully treat a gentleman with unwanted and symptomatic palatal hair that was not amenable to traditional laser or electrolysis treatments. Advanced imaging, radiation planning, localization, and delivery techniques allowed us to minimize radiation side effects while achieving our goal of permanent alopecia.
